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The KTeV experiment at Fermilab has finished its Ξ0 semi-leptonic decay analysis from the 1997 run and
presented here are the final numbers for the branching ratio and form factors. A new run with three times the
statistics was taken in 1999 and a first look at the data shows the quality and consistency of the results, predicting
a similar improvement in these measurements.
1. Semi-Leptonic Ξ0 Decays
Semi-leptonic hyperon decays are important as
tests for new physics by measuring their form fac-
tors and branching ratios [1]. This work started
experimentally with Λ beta decay [2,3]:
Λ→ pe−ν¯. (1)
It was followed by a high statistics sample of Σ−
beta decays [4]:
Σ− → ne−ν¯, (2)
and Ξ− beta decays [5]:
Ξ− → Λe−ν¯ and Ξ− → Σ0e−ν¯. (3)
It was proposed in 1993 to extend the KTeV
program [6] to include a search for the unseen Ξ0
beta decays [7]:
Ξ0 → Σ+e−ν¯. (4)
This suggestion of the author was shown to be
accessible in KTeV because even though there
was no charged particle vertex, the pi0 decay into
two gammas and the high precision electronmag-
netic calorimeter permits the vertex to be pre-
cisely measured by constraining to the pi0 mass
[8]. This along with the high flux of Ξ0 hyperons
in the experiment permitted these analysis.
Hyperon semi-leptonic decays with a muon re-
placing the electron are only energetically per-
mitted for a few decay modes. In all there were
only three types of such decays ever observed and
all of these with a very small number of events.
It was the author who introduced and performed
the analysis in KTeV of the Ξ0 muonic decay [9].
These are important because they can be a first
glimpse at the g3 form factor which is multiplied
by (Mlepton/Mhyperon); in beta decays this ratio
squelches any effect of the g3 form factor, but in
muonic decays this term, although small, is no
longer negligible [10].
2. Final Results from KTeV-97
Many summary talks of the KTeV hyperon
data and analysis techniques are available else-
where [11]. The goal of this section is to sum-
marize in one place the final numbers available
at this time. A Physical Review Letter was put
out with a fraction of the KTeV 1997 data called
the winter run, yielding a branching ratio based
on 176 events of 2.71 (±0.22 ±0.31) × 10−4
[12], where the first error is statistical and the
second systematic. Since then the remaining
1997 data sample has been analyzed [13] and the
branching ratio for the Ξ0 beta decay from this
separate sample is 2.60 (±0.11 ±0.16) × 10−4,
based on 626 events. The theoretical expected is
2.6 × 10−4. The Ξ0 muonic decay has a prelim-
inary branching ratio of 3.5 (+2.0
−1.0
+0.5
−1.0) × 10
−6
based on 5 events, again the first error is statis-
tical and the second systematic the asymmetric
errors are due to the small sample of events; the
theoretical expected is 2.6 × 10−6.
The final four form factors obtained in our anal-
ysis [14] using a ultra clean sample of Ξ0 beta de-
cays by using the added power of the TRD parti-
cle identification [15] are: f1 = 0.99± 0.14,
g1
f1
=
1.12 ± 0.27, f2
f1
= 2.3 ± 1.3, and g2
f1
= −1.4 ± 2.1
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Figure 1. Maximum likelihood fit of the form
factors g1 and g2, the later is consistent with zero.
(the errors are combined statistical and system-
atic for brevity); here this analysis used the previ-
ously quoted branching ratio, and permitted the
g2 form factor to float. The g2 form factor is
consistent with zero, see figure 1, and in another
analysis it was constrained to be zero and the re-
maining three form factors reanalyzed and they
essentially remained unchanged.
3. Improved Form Factors
The form factors reported in the previous sec-
tion are also dependent upon the mass of the Ξ0
particle and its life time. If either of these num-
bers are off then this can have an effect upon the
form factor results. The values used were those
from the 1998 PDG [16]. The KTeV experiment
has tried improving both of these values: a first
attempt at improving the mass was made [17],
but another experiment [18] has released an im-
proved value before our measurement was finished
and they have an error that is better than what
Figure 2. Ratio of data and normalized Monte-
Carlo of the proper time (in seconds) of the decay
Ξ0 → Λ0pi0. Our preliminary lifetime measure-
ment is 2.79(±0.01 ±0.05)×10−10 seconds, the
first error is statistical based on a fit to 94839
events, the second is the systematic error from z
and pΞ0 dependency.
we would have achieved so this analysis was not
pursued; however, we have made a factor of three
improvement in the life time of the Ξ0 [19], see fig-
ure 2. Reevaluation of the form factors with these
two improved values will lead to slightly different
values, but consistent with the error bars.
An accurate determination of the Ξ0 mass is
also important as a test of SU(3) symmetry in
the Coleman-Glashow mass relationship between
the hyperons:
MΞ− −MΞ0 = (Mp −Mn) + (MΣ− −MΣ+) (5)
Using the new mass value, yet to be incorpo-
rated in the PDG, 1314.82±0.06, this equates to
6.49±0.14 = 6.73±0.08, a small SU(3) symmetry
breaking less than 3.6%. However, there is a hy-
peron beta decay that is yet unseen that is an
3even better test:
Ξ− → Ξ0e−ν¯. (6)
This is such a powerful test of SU(3) symmetry
breaking because there is only ∼6.49 MeV of en-
ergy being released in this beta decay, so by mea-
suring the branching ratio this is the most accu-
rate way to measure the mass difference between
the charged and neutral Ξ particles.
0
200
400
600
800
1000
1200
-0.1 -0.075 -0.05 -0.025 0 0.025 0.05 0.075 0.1
Entries           18255
Figure 3. Preliminary results from the data ob-
tained in the KTeV run of 1999 using the analy-
sis techniques developed for the KTeV 1997 data
sample [11,13,14] yields more than 2100 Ξ0 beta
decays (small peak centered on zero), here the
horizontal axis is the mass of the reconstructed
Σ+ (i.e. ppi0 mass) subtracting its known value
1.189 GeV/c2. The peak on the left has been
identified as several different background [14].
4. First results from KTeV-99
Data from a new run of KTeV in 1999 with
improved triggers, data acquisition and beam in-
tensity is available for analysis. The new run is
expected to yield a three fold increase in Ξ0 beta
decays, see figure 3, and a two fold increase in Ξ0
muonic decays, see figure 4. The circle points are
Figure 4. Preliminary results from the KTeV run
in 1999 yields more Ξ0 muonic decays. Here both
axis are in units of GeV/c2, on the horizontal is
plotted the invariant mass of the ppi0, and the
vertical the mass (pi+µ−pi0), from the dominant
Kaon backgrounds: either K0 → pi+pi0pi− where
pi− → µ−ν¯ or Kµ4.
those events that satisfy the selection cuts except
for the mass analysis of the two axis and p2t of
the reconstructed Ξ0, and the triangle points are
the opposite charge sign analysis. There are far
less anti Ξ0 muonic decays expected in this wrong
charge sign analysis, due to a 10x suppression of
anti Ξ0 at production. The horizontal band at the
4bottom are identifiable as the mentioned Kaon
background decays, and the vertical band cen-
tered on 1.189 GeV/c2 are the Ξ0 muonic decay
events, the filled in data points are those that sat-
isfy the kinematic cuts from the 1997 blind analy-
sis [p2t <0.0008 (GeV/c)
2 and various mass cuts].
The small dots are the signal Monte-Carlo for the
final event selection method. It was decided that
our blind analysis from the 1997 data was suffi-
ciently strong and straight forward enough that
we did not need to make the 1999 analysis blind,
but it could be applied directly to the new data
set. This new KTeV data set should be calibrated
by the end of 2000 and improved branching ra-
tio, form factors, lifetime and possibly mass mea-
surement within a year afterwards, depending on
manpower and computer resources.
5. Conclusion
The hyperon program in KTeV has observed
both semi-leptonic decays of the Ξ0. A high
statistics sample of the beta decay was used for
measuring its branching ratio and form factors.
Furthermore, the observation of the muonic de-
cay of the neutral Cascade was observed with
enough data to measure its branching ratio, but
more data from the 1999 run is now available to
improve this measurement. Furthermore, the Ξ0
normal mode decay was also available to improve
the mass and life-time values for this particle, im-
portant for SU(3) symmetry tests as well as im-
proving the form factor measurements.
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